Background: In addition to visceral fat, peripheral ectopic fat accumulation is suggested to play a role in the pathophysiology of metabolic syndrome, which is known to be associated with not only cardiovascular diseases and type 2 diabetes mellitus but also colorectal cancer. Objective: This study aims to clarify whether there is ectopic fat accumulation in human colorectal tissue in association with metabolic syndrome or its components such as abdominal obesity and insulin resistance. Methods: Lipid contents of colorectal tissue were measured in 27 patients with colorectal polyp excised endoscopically. In addition, lipid droplets were immunohistochemically estimated using anti-perilipin antibody in 32 patients with colorectal cancer resected surgically. Results: Increasing tissue triglyceride/phospholipid ratio was associated with increasing body mass index, fasting plasma insulin level and homeostasis model assessment as an index of insulin resistance (HOMA-IR), and also decreasing serum adiponectin level. Lipid droplets were observed in the submucosal region of colorectal tissue. The amount of lipid droplets was associated with increasing body mass index, waist circumference and visceral fat area. Conclusion: This study showed the presence of submucosal fat accumulation in human colorectal tissue and its association with abdominal obesity and insulin resistance.
. This study showed for the first time the presence of submucosal fat accumulation in human colorectal tissue in association with abdominal obesity and insulin resistance by measurement of the lipid contents and immunohistochemical evaluation of lipid droplets.
Introduction
Metabolic syndrome (MetS) is a cluster of metabolic abnormalities which increases the risk of cardiovascular diseases, type 2 diabetes mellitus and overall mortality, including abdominal obesity (increased waist circumference and visceral fat), elevated blood pressure, hyperglycaemia (raised fasting plasma glucose (FPG), insulin (FPI) and insulin resistance), and dyslipidaemia (high serum triglycerides (TG) and reduced highdensity lipoprotein cholesterol (HDL-C)). 1, 2 Excessive visceral adipose tissue accumulation due to over-nutrition is suggested to play a central role in the pathophysiology of MetS with abdominal obesity by promoting pathogenic hypertrophic adipocytes and adipose tissue dysfunction with elevated levels of free fatty acids and altered levels of adipose tissue-derived substances called adipokines such as adiponectin, proinflammatory cytokines, growth factors and reactive oxygen species; these provoke lipotoxicity, insulin resistance and chronic low-grade inflammation in that adipose tissue and peripheral target organs. [2] [3] [4] [5] In addition to excessive visceral adipose tissue accumulation, ectopic lipid deposition in peripheral tissues or organs which do not typically accommodate fat, outside of the adipose tissue, such as the liver, skeletal muscle, kidney, pancreas, heart and vessels, is also suggested to play a role in the pathophysiology of MetS, as a locally acting endocrine and paracrine organ which has effects primarily on adjacent anatomic organs, directly via lipotoxicity and indirectly via aberrant secretion of adipokines. [2] [3] [4] [5] MetS is also shown to be associated with an increased risk of colorectal cancer incidence and mortality in both sexes. 6, 7 We also have shown that increasing the area of visceral fat assessed with computed tomography (CT) scans and a decreased concentration of plasma adiponectin are associated with the development of colorectal cancer and also adenoma, which is its precursor lesion. 8, 9 Hyperinsulinaemia due to insulin resistance and its influence in enhancing free or bioavailable concentrations of insulin-like growth factor-1, and altered levels of adipokines and their contribution to chronic low-grade inflammation are suggested to play a pivotal role in increasing colorectal cancer risk. 5, 10 However, it has not been well known whether there is ectopic lipid deposition in the colorectal tissue in association with MetS or its components such as abdominal obesity and insulin resistance, or whether, if so, colorectal lipid deposition participates in colorectal carcinogenesis.
To clarify whether there is MetS-associated lipid deposition in colorectal tissue, we measured lipid contents in colorectal tissues removed by endoscopy, and investigated the relationship of lipid contents with MetS or its components. In addition, to clarify the location of lipid deposition, we examined for the presence of lipid droplets in colorectal tissues obtained surgically by immunohistochemistry, and compared the grade of lipid droplet accumulation with the indices of obesity.
Materials and methods

Study patients
This study examined 27 consecutive patients with colorectal polyps at Hyogo Prefectural Nishinomiya Hospital (median 65 years; 35 to 86). The histological diagnosis was adenoma for 22 patients, in situ cancer in adenoma for four and juvenile polyp for one. All patients underwent polyp resection by endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD). These patients were weight stable from diagnosis of colorectal polyp to endoscopic resection (<2% change). Exclusion criteria included a previous history of cancer, previous intestinal surgery, a history of inflammatory bowel diseases, a history suggestive of malabsorption, current treatment for weight loss, major medical problems, and consumption of medications with anti-inflammatory properties (e.g. nonsteroidal antiinflammatory drugs, statins, glitazones, and cyclooxygenase-2 inhibitors).
To clarify the location of lipid deposition, we examined the non-tumorous colorectal tissue surrounding the tumour, which had been resected surgically from 32 patients with colorectal cancer. The median age was 71 years (34 to 90) for the 13 males and 19 females. 
Procedures and sample collection
Trained nurses measured waist circumference at the midpoint between the lower border of the rib cage and the iliac crest. Samples of venous blood were drawn from all patients after an overnight fast before the EMR or ESD procedure. These samples were immediately analysed for serum TG, total cholesterol (TC), HDL-C, low-density lipoprotein cholesterol (LDL-C), serum C-reactive protein (CRP), FPG, and FPI levels. The indices of insulin secretion and sensitivity were evaluated by homeostasis model assessment as an index of insulin resistance (HOMA-IR) ¼ FPI (mIU/ml) Â FPG (mg/dl)/405. 11, 12 Residual serum samples were immediately stored at -80 C for serum adiponectin until further use. The EMR and ESD procedures were carried out with modifications according to methods previously reported. 13, 14 The colorectal tissue surrounding the polyp resected from each patient was immediately stored at -80 C for further use.
Assay of tissue lipid contents
About 30 mg of wet colorectal tissue resected from each patient was used for the assay of tissue TG, TC, and phospholipid (PL) contents. The tissue was minced with surgical scissors. Lipid extraction was carried out by a method previously described by Folch et al. 15 The minced tissue was homogenised with methanol/ chloroform (1/2 volume/volume, 20 ml/g tissue), and aliquots of the organic phase were evaporated under nitrogen gas. The dried lipid extracts were dissolved in isopropyl alcohol. The concentration of the tissue TC and TG within the lipid extracts was measured with a cholesterol assay kit and a TG assay kit using an enzyme method (Sekisui Medical Co Ltd, Tokyo, Japan) according to the manufacturer's recommendations. The tissue PL concentration was measured with a PL assay kit using an enzyme method (Toyobo Co Ltd, Tokyo, Japan) according to the manufacturer's recommendations. The tissue TC/PL and TG/PL ratios were used as substitutes for the TC/tissue weight and TG/tissue weight, respectively, to correct a possible increase of tissue weight by local injection of suitable amount of glucose or sodium hyaluronate solution used during endoscopic polyp resection because PL content was regarded as the indicator of cell membrane content, almost the total cell number, or nearly the original amount of tissue.
Measurement of visceral and subcutaneous fat areas
The intra-abdominal visceral and subcutaneous fat areas and waist circumference were measured at the level of the umbilicus by CT scan according to a procedure previously described. 16 The border of the intraabdominal cavity was outlined on the CT image, and visceral and subcutaneous fat areas were quantified using standard software. All CT scans were carried out using a CT scanner (General Electric Co, Fairfield, CT, USA) with participants in a supine position before operation.
Immunohistochemistry
For immunohistochemical examination of lipid droplet morphology, paraffin sections were stained with mouse monoclonal antibody against synthetic peptide of perilipin/PLIN1 (duplicated N-terminus of perilipin) (1:1, clone Peri112.17, Catalogue no. 651156; Progen Biotechnik, Heidelberg, Germany) as previously described. 17 All sections were placed on an automated Ventana Benchmark XT platform (Roche Diagnostics) for detection of perilipin on the lipid droplets according to the manufacturer's recommendations.
The contents of lipid droplets were divided into three grades (0 to 2) for comparison with factors such as body mass index (BMI) and visceral fat area associated with abdominal obesity.
Statistical analysis
Data are presented as the median and the range from the minimal and maximal value of each variable. The Wilcoxon signed rank test or the chi-square test was used to compare continuous or categorical variables, respectively, between colorectal polyp patients with and without MetS. Spearman rank test was used to evaluate correlations between tissue TG/PL values and continuous variables or categorical variables. The KruskalWallis test or the chi-square test was used to compare continuous or categorical variables, respectively, in each of the tertile tissue TG/PL groups, and in each of the lipid droplet grades. Differences at a probability (p) value of less than 0.05 were considered to be significant. All statistical calculations were carried out using SAS Enterprise Guide, v. 4.2 (SAS Institute Inc, Cary, NC, USA).
Results
Baseline characteristics of the patients
The baseline characteristics of 27 colorectal polyp patients with or without MetS are summarised in Table 1 . Thirteen of 27 patients fulfilled criteria for MetS. This group showed significantly higher values of BMI, FPI, FPG, HOMA-IR and diastolic blood pressure, and lower values of serum HDL-C and adiponectin than the rest. Four of the 27 patients had type 2 diabetes mellitus. There were no tendencies toward difference in the baseline characteristics between the diabetics and non-diabetics (p value ! 0.1). Table 2 shows the characteristics of 32 patients with colorectal cancer resected surgically.
Tissue TG/PL and correlation with various factors Table 3 . Tissue TG/PL was significantly correlated with serum TG and FPI levels, and According to the joint interim statement (Alberti et al. 1 ), and only as to waist circumference, to Japanese riteria. Serum triglyceride !150 mg/dl, high-density lipoprotein cholesterol <40 mg/dl for male or < 50 g/dl for female, plasma fasting glucose ! 100 mg /dl, systolic blood pressure ! 130 mmHg and/or diastolic blood pressure ! 85 mmHg, and waist circumference ! 85 cm for male or ! 90 cm for female. MetS is diagnosed when at least 3 of the above 5 conditions are fulfilled.
the value of HOMA-IR (Figure 1 ). Significant correlation was also found between tissue TG/PL and serum TC or LDL-C levels. Tissue TC/PL was not correlated with any factors. 
Tertile analysis of tissue TG/PL
Localisation of lipid droplets
Perilipin-immunostaining was observed in the submucosal region of the colorectal tissue (Figure 2) . Panel (A) is grade 0, showing no lipid droplet in a representative case (Figure 2(A) ), and panel (B) (Figure 2(B) ) and panel (C) (Figure 2(C) ) are grade 1 and grade 2, respectively. High-power view of grade 2 of perilipin-immunostaining is seen in the colorectal submucosal region (Figure 2(D) ).
Association of lipid droplet accumulation with abdominal obesity
Lipid droplets were observed in the submucosal region of the colorectal tissue in 18 of the 32 individuals, grade 1 in 13 and grade 2 in five. Grade of lipid droplet accumulation was significantly associated with BMI, waist circumference, and visceral and subcutaneous fat areas (p ¼ 0.039, p ¼ 0.007, p ¼ 0.002 and p ¼ 0.039, respectively) ( Table 5) .
Discussion
In the present study, we found that as the FPI level and HOMA-IR increased and the serum adiponectin level decreased, the tissue TG/PL ratio increased. However, the tissue TC/PL ratio was not correlated with any risk factors such as FPI and HOMA-IR. Our observation indicated that increased TG content in the colorectal tissue seemed to be associated with insulin resistance.
Lipid droplets are intracellular organelles that store neutral lipids within cells. 18 Recently, understanding of lipid droplet biology in metabolic disease has advanced considerably. 18 Lipid droplets are known to regulate the storage and hydrolysis of neutral lipids, including TG and cholesterol esters. Adipocytes, the major reservoir of TG in the body, store TG within lipid droplets, and the amount stored increases with obesity. The rates of lipolysis in the adipocytes in obesity are constitutively increased, resulting in elevated levels of circulating fatty acids. This seems to lead to their being stored as TG in lipid droplets within the liver, skeletal muscle, and other organs.
The TG droplets become coated with a monolayer of PL and a cadre of proteins that stabilise it within the cytoplasm of cells. 19 Perilipin-1 (PLIN1) was identified as the first lipid droplet-associated protein. 20 Tissue surveys revealed that PLIN1 is most highly expressed in adipocytes. 21 PLIN1 is the most abundant and thoroughly studied perilipin/ADRP/TIP47 (PAT) family protein in adipocytes. 22, 23 In this study, to clarify the localisation of TG accumulation, we carried out immunohistochemical examination using anti-PLIN1 antibody and examined the presence of lipid droplets in the colorectal tissues obtained. Lipid droplets were observed in the submucosal region of the colorectal tissue in 18 of the 32 individuals examined (grade 1 in 13 and grade 2 in five). The grade of lipid droplet accumulation was significantly associated with BMI, waist circumference, and visceral fat area. These observations demonstrated for the first time that the lipid droplets were localised in the submucosal region of colorectal tissues in individuals with abdominal obesity. From these observations, the presence of lipid droplets seems to be related to the TG accumulation in the colorectal tissues from individuals with abdominal obesity and insulin resistance. It is possible that in a state of abdominal obesity and insulin resistance, an increase in free fatty acid supply to colorectal tissues could lead to TG accumulation and the formation of lipid droplets. However, further study is needed to elucidate the mechanism(s) whereby lipid droplets accumulate in the submucosal region of the colorectal tissue in individuals with abdominal obesity and insulin resistance.
The selection of patients with colorectal polyp and cancer only is a limitation in this study. However, it was impossible to examine fat accumulation in colorectal tissues resected from individuals without colorectal neoplasia because of ethical reason and very few occasions of therapeutic colorectal resection in individuals without its inflammation or neoplasia. Development of a non-invasive system to detect submucosal fat accumulation in the colorectal tissue is expected. Moreover, a future problem not confirmed in the present study is whether submucosal lipid deposition is different among the parts of the colon and rectum, or associated with local pericolorectal fat adjacent to the outside of the colorectal wall, which seems difficult to measure in distinction from others, rather than total intra-abdominal visceral fat.
In conclusion, the presence of ectopic fat accumulation of colorectal tissues, similar to fat accumulation in liver and skeletal muscle, could be associated with abdominal obesity and insulin resistance. Although this study should be replicated with a larger number of patients, our observations warrant future study on the association of ectopic fat accumulation with colorectal diseases and pathophysiology, including inflammation and carcinogenesis. 24 
